The serum concentration of 7S collagen was measured radioimmunologically as a marker of basement membrane type IV collagen synthesis in diabetic and nondiabetic rats with Goldblatt hypertension. In non-diabetic rats the 7S collagen level was significantly raised after induction of hypertension (51%; p<0.001), and showed a positive correlation with relative heart weight as an integral parameter of hypertension (r= 0.63; p< 0.01). In diabetic rats, which displayed a 7S collagen concentration roughly 2.5 times as high as the metabolically normal animals, the 7S collagen level was 27% higher in the hypertensive animals (p< 0.01). There was no correlation with blood pressure or heart weight, but only a positive correlation with blood glucose (r= 0.51; p< 0.05). The results indicate that haemodynamic alterations may alter basement membrane collagen metabolism. However, type IV collagen metabolism in diabetes is influenced to a greater extent by metabolic than by haemodynamic factors.
Summary.
The serum concentration of 7S collagen was measured radioimmunologically as a marker of basement membrane type IV collagen synthesis in diabetic and nondiabetic rats with Goldblatt hypertension. In non-diabetic rats the 7S collagen level was significantly raised after induction of hypertension (51%; p<0.001), and showed a positive correlation with relative heart weight as an integral parameter of hypertension (r= 0.63; p< 0.01). In diabetic rats, which displayed a 7S collagen concentration roughly 2.5 times as high as the metabolically normal animals, the 7S collagen level was 27% higher in the hypertensive animals (p< 0.01). There was no correlation with blood pressure or heart weight, but only a positive correlation with blood glucose (r= 0.51; p< 0.05).
The results indicate that haemodynamic alterations may alter basement membrane collagen metabolism. However, type IV collagen metabolism in diabetes is influenced to a greater extent by metabolic than by haemodynamic factors.
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Recent experimental and clinical studies have underscored the role of haemodynamic factors in the development of diabetic microangiopathy [1] [2] [3] . The hyperperfusion of the capillaries and the raised intracapillary pressure which have been observed in kidney and other organs in diabetes [4, 5] may cause an increase of plasma protein extravasation and structural damage [6, 7] . However, a more marked expansion of glomerular mesangium in kidneys of hypertensive diabetic rats and a thickening of the capillary basement membrane in non-diabetic animals under conditions of increased intracapillary pressure has been described irrespective of the methods or conditions used for inducing hypertension [7] [8] [9] . This finding suggests that haemodynamic factors may further affect the metabolism of the capillary basement membrane. In the present paper we investigated the effect of hypertension in diabetic and non-diabetic rats on serum concentration of type IV collagen, which is a characteristic structural constituent of capillary basement membrane and of glomerular mesangium. The serum component resembles a fragment of type IV collagen, 7S collagen, which is released into the circulation from existing basement membranes or newly formed intact type IV collagen which has not been deposited in tissue [10, 11] . Thus, serum concentration of type IV collagen determined by a radioimmunoassay specific for the N-terminal crosslinking domain (7S collagen) reflects the formation and turnover of basement membrane collagen of the body [10] [11] [12] .
Materials and methods
Male Wistar rats (aged [5] [6] Ivanovas, Kisslegg, FRG) were used throughout the study. All animals received chow pellets and tap water ad libitum. After induction of hypertension, a 2% sodium chloride solution was offered additionally to prevent the development of malignant hypertension [13] .
Induction of hypertension and diabetes
Goldblatt-type hypertension was induced by placement of a silver clip (internal diameter 0.2-0.22 mm) around the left renal artery. Systolic blood pressure was measured by a tail-plethysmographic method [14] 3, 4, 6 and 8 weeks later under slight ether anaesthesia. At each time, at least two blood pressure recordings were made to ensure reproducibility. Rats were described as "hypertensive" if blood pressure values were greater than 140 mmHg at all times of measurement. The blood pressure of sham-operated rats was less than 130 mmHg at all times.
Four weeks after renal clipping, one half of the hypertensive rats matched according to blood pressure received streptozotocin intraperitoneally (75 mg/kg body weight) for induction of diabetes. One half of the sham-operated normotensive rats were treated in the same way. Mean body weight of normotensive and hypertensive rats at the time of streptozotocin injection was 275 + 18 and 263 _+ 20, re- 
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Correlation between serum concentration of 7S collagen and relative heart weight as an integral parameter of hypertension in nondiabetic hypertensive rats. Each point represents the value of one rat (r= 0.63 ; p< 0.01) spectively. Diabetes was ascertained by blood glucose determinations using a glucose oxidase kit (Boehringer Mannheim, FRG) 2 and 4 weeks after streptozotocin injection. Only rats with blood glucose levels greater than 11.1 mmol/1 was used. There was only a small increase in mean blood glucose levels between the second and fourth week after induction of diabetes (16.6+0.4 and 18.1+ 0.7 mmol/1, respectively). Correlations were calculated using the average of these blood glucose measurements. Diabetic rats were not treated with insulin at any time. The study ended 4 weeks after diabetes induction and 8 weeks after clipping of the renal artery, respectively. At this time, animals were killed by aortic puncture. Blood was collected from each rat. After clotting at room temperature, sara were stored at -25 ~ Heart and kidney weight were determined with a precision balance. The increase of heart weights in the hypertensive groups was considered to be a measure of the degree myocardial hypertrophy, and thus of the chronic pressure overload. Since absolute body weights were different in diabetic and hypertensive rats, relative heart weights were used in comparison of all groups and for calcula; tion of correlation.
Determination of 7S collagen and serum creatinine
Type IV collagen concentration in the serum was determined by a radioimmunoassay specific for 7S collagen [10, 11] . This assay shows complete cross-reaction with intact type IV collagen and with the precursor form type IV collagen [15] . Intra-assay and inter-assay co L efficients of variation were 2.5% (n= 5) and 6% (n=7), respectively.
The serum concentration of creatinine was determined using a kinetic Jaff6 method (Boehringer Mannheim, FRG), which eliminates the effects of pseudocreatinines.
Statistical analysis
Differences between groups were tested with Student's t-test (twotailed probability). Linear regression analysis was chosen to calculate correlations. Table 1 , normotensive diabetic rats were markedly hyperglycaemic and had lost considerable weight after streptozotocin injection (mean 72+ 5 g). Mean absolute kidney weight was not different compared to nondiabetic controls. These findings indicate severe diabetes [16, 17] . Similar results have been obtained in hypertensive diabetic rats. However, mean absolute weight of the unclipped kidney was significantly higher in this group than in normotensive dia- and showed a positive correlation with blood glucose levels (r= 0.53; p< 0.05), confirming earlier results [12] . When compared to normotensive diabetic animals, 7S collagen levels were increased by 27% in hypertensive diabetic rats (p< 0.01, Fig. 1) . A positive correlation between 7S collagen concentration and blood glucose levels was also established in hypertensive diabetic rats (r=0.51; p<0.05; Fig.3A) . However, no correlation could be observed between 7S collagen concentrations and blood pressure or relative heart weight in this experimental group (Fig. 3 B) . (Table 1 , p < 0.05). Mean systolic blood pressure as well as absolute and relative heart weight were increased to a significant extent in diabetic and nondiabetic rats after clipping of the left renal artery (Table 1 , p < 0.001). This increase of heart weight is attributable to "true" hypertrophy, since histological examination of the myocardial tissue disclosed the absence of fibrosis in any group [18] . No difference was noted between blood pressure and relative heart weight in hypertensive diabetic and hypertensive nondiabetic rats. Blood glucose levels and body weight were equal in diabetic rats with and without hypertension. Serum concentration of creatinine showed no difference between animals with or without clipped kidney ( Table 1) . The serum concentration of 7S collagen of the four experimental groups are shown in Figure 1 . The mean 7S collagen level of hypertensive non-diabetic rats was 51% higher than in the normotensive controls (p< 0.001). As shown in Figure 2 , a positive correlation between serum 7S collagen levels and the relative heart weight could further be noted in these hypertensive non-diabetic rats (r= 0.63; p< 0.01).
Results

As shown in
7S collagen concentration of the normotensive and hypertensive diabetic rats was 2.5-fold higher than in corresponding non-diabetic animals (p< 0.01 ; Fig. 1) 
Discussion
Hormonal or metabolic imbalances as well as increased permeation and deposition of plasma proteins into the capillary wall are discussed as factors influencing the metabolism of capillary basement membranes [19] . The present study indicates that haemodynamic changes also influence the metabolism of basement membrane collagen. Induction of Goldblatt hypertension leads to a significant increase of intracapillary pressure in metabolically healthy rats [8] . Using this model of hypertension, we found a marked increase of serum concentration of 7S collagen in hypertensive non-diabetic rats. Although 7S collagen had not been determined in urine, this difference was probably not explained by a reduced renal excretion of 7S collagen, since serum creatinine did not differ in rats with clipped and unclipped renal artery. The positive correlation between heart weight as an integral parameter of hypertension and 7S collagen levels of hypertensive non-diabetic rats indicates that close relations exist between the altered haemodynamic situation and synthesis or turnover of type IV collagen in hypertensive rats. The thickening of capillary basement membrane under conditions of increased intracapillary pressure [8, 9] suggest that the elevated 7S collagen levels are more indicative of an increased synthesis than an increased turnover of type IV collagen.
7S collagen concentration of normotensive diabetic rats was 2.5-fold higher than in corresponding nondiabetic controls and showed a positive correlation with blood glucose, confirming earlier results [12] . It seems unlikely that this marked increase in 7S collagen is related to a raised intracapillary pressure and hyperperfusion since this elevation is observed in non-insulin-treated, severely diabetic rats, whereas the elevation of intracapillary pressure and hyperfusion could only be detected in diabetic animals which were treated with small doses of insulin [3] . In addition, it has been shown that even small doses of insulin, which could not normalize the metabolic decompensation at all, already reduced 7S collagen levels nearly to normal in diabetic rats [20] . These findings suggest that metabolic factors rather than haemodynamic factors are responsible for the increase in type IV collagen concentra-tions in diabetic rats. This increase indicates increased biosynthesis of basement membrane collagen as shown by recent experiments on basement membrane collagen synthesis, and by studies on the size distribution of type IV collagen antigens in serum [11, 12] . The normalization of elevated serum levels of 7S collagen by insulin further documents that it is not a toxic non-specific side effect of streptozotocin which causes an increase in type IV collagen antigens [20] .
However, hypertensive diabetic rats exhibited 7S collagen serum levels which were significantly higher (+ 27%) than those of normotensive rats with no difference in blood glucose and serum creatinine. It seems reasonable to assume that this indicates a further increase in type IV collagen synthesis. Histological investigations have documented a stronger increase in basement membrane-like material in kidneys of hypertensive than normotensive diabetic rats [7] . The further increase in 7S collagen levels is possibly due to hyperperfusion and increase of intracapiUary pressure, which has recently also been shown to occur after development of hypertension in diabetic rats [21] . The increase of 7S collagen level due to hypertension in non-diabetic and diabetic rats was much less marked than the rise of 7S collagen after induction of diabetes itself. Furthermore, results with hypertensive diabetic rats do not reveal a correlation with blood pressure or heart weight, but show a significant correlation with blood glucose. This again may indicate that basement membrane collagen metabolism in diabetes is influenced to a greater extent by metabolic than by additional haemodynamic factors. Nevertheless, the stimulating action of hypertension on basement membrane collagen synthesis could further explain the deleterious effect of hypertension on the course of diabetic microangiopathy, especially nephropathy. The reasons for the stimulating action of hypertension on type IV collagen synthesis in hypertensive nondiabetic and diabetic rats are still unknown. Apart from higher distension of the vessel wall or an increase of the capillary permeability [22, 23] , an activation of the reninangiotensin system which is usually found in Goldblatt-hypertensive rats, but which is also described in diabetic patients [24] , have to be discussed.
